Attention to hygienic environments in public spaces is increasing, and we believe that it is important to understand and evaluate this aspect of railways in their role as a means of public transportation. Previously, we carried out investigation regarding types and amounts of airborne microbes (mainly fungi) floating in station precincts as well as evaluating railway passengers' perception of hygiene as the ones that affect hygienic environments. The results revealed some cases in which greater amounts of airborne fungi were detected in underground premises than in above-ground environments [1] , and showed that there was a high correlation between subjective evaluation for odors in areas of stations as detected by monitoring investigation and the amounts of airborne fungi in them [2, 3] . From these results, we concluded that volatile compounds released by fungi partially caused odors in stations, and we subsequently analyzed them. The concentrations of the volatile compounds analyzed were assumed to be extremely low; accordingly, we needed effective sampling techniques and highly sensitive detection methods. Furthermore, for sampling on station premises, a compact method is required to avoid hindering passenger movement. In this report, we introduce the characteristics of the SPME (solid phase microextraction)-GCMS (gas chromatography-mass spectrometry) technique adopted as a method for the sampling and analysis of volatile compounds in the target areas, and report on examples of application to field analysis. The Guidelines for Monitoring of Hazardous Air Pollutants, drawn up by Japan's Environment Agency in 1997, present three methods for sampling volatile compounds in spaces (particularly VOCs, or volatile organic compounds). These are the container sampling method, solid phase adsorption-solvent extraction, and solid phase adsorption-thermal desorption [4] . However, we considered these methods unsuitable for our intended purpose for the reasons explained below.
(1) In the container sampling method, the sampling apparatus (e.g., containers) is expensive, and the transport and storage of the containers requires lots of space. is hard to analyze compounds with low concentrations, and the presence of hazardous solvents is inevitable. (3) In solid phase adsorption-thermal desorption, expensive apparatus for thermal desorption is required. In view of the above considerations, we decided to apply SPME (solid phase microextraction), which is a method that has recently prevailed widely.
2.1.2 SPME 2.1.2 SPME 2.1.2 SPME 2.1.2 SPME 2.1.2 SPME SPME is a relatively new sampling method in which fibers coated with liquid phase or adsorbent (Figure 1 ) are exposed to samples (gas or liquid), and absorb or adsorb compounds in them as objects of analysis. This is followed by further analysis performed by inserting the fibers into the injection port of the analysis apparatus as outlined in [5 − 8] . The fibers are very small, with a diameter of 65 − 100 µm and a length of 1 cm, and the method can be described as a smaller, simplified version of the solid phase adsorption-thermal desorption technique mentioned above. However, the expensive apparatus required for thermal desorption is unnecessary. Different kinds of liquid phase and adsorbent are used for the fibers according to the compounds analyzed and the states involved. Among these, Carboxen/PDMS (polydimethylsiloxane) fibers have a high capacity to adsorb gaseous compounds and those with lower molecular weights. It has been reported that these fibers have a lower detection limit (1 to 2 orders of magnitude) compared to other kinds. Furthermore, each fiber can be reused dozens of times.
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2.2 SPME-GCMS 2.2 SPME-GCMS 2.2 SPME-GCMS 2.2 SPME-GCMS 2.2 SPME-GCMS As apparatus for the analysis of samples, a GCMS (gas chromatography-mass spectrometry, Fig. 2 ) setup featuring high sensitivity and selectivity is widely applicable as referred to in [4] . Accordingly, as a way of analyzing volatile compounds in stations, we considered a method in which SPME and GCMS are combined (SPME-GCMS). In this method, SPME fibers are used as small sampling appliances (length including holder: about 20 cm), and no electrical machines such as pumps are required in the field. Accordingly, the technique can be used in stations, where space and sources of electricity are limited. We therefore investigated whether this approach could be applied to the objective fields in our study.
To establish an analytical method, we initially investigated various conditions related to SPME-GCMS.
First, we selected a suitable type of SPME fiber. Figure 3 shows a comparison of GC peak areas (the area enclosed by the peak and baseline on a chromatogram, generally considered to represent the amount of compounds present) as obtained by analysis using several kinds of SPME fiber, which absorbed or adsorbed four compounds representative of volatile compounds released by fungi [9 − 11] . Carboxen/PDMS fiber indicated the largest peak area for compounds with relatively low molecular weights such as isobutanol and isoamylalcohol, and DVB (divinylbenzene)/PDMS fiber showed the largest peak area for those with relatively high molecular weights such as 1-octen-3-ol. On the contrary, PDMS and Carbowax/ DVB fibers showed a lower peak area, and were therefore deemed unsuitable for the detection of these compounds. We therefore decided to use Carboxen/PDMS and DVB/PDMS fibers for sampling.
Next, concerning the exposure (sampling) time for fibers in the field, we judged a period of three hours to be adequate in consideration of the time taken to return the fibers to our laboratory, the efficiency of our work and of the stability of the samples. We also set the fiber placement height at 150 cm since people breathe through the face, and air at this height is considered to affect the perception of odors.
We set the temperature for desorption from SPME fibers at 310℃ for Carboxen/PDMS, and at 260℃ for DVB/ PDMS. Both these values are 10℃ lower than the maximum operating temperature of the fibers. The desorption time was set at one minute.
The GC oven temperature program was as follows: an initial temperature of 45℃ was maintained for nine minutes before being increased at a rate of 6℃/min to 140℃ and then further increased at a rate of 15℃/min to 300℃ and maintained for three minutes.
Helium was used as a carrier gas, and the flow rate was set to 1.0 ml/min. As the column for separating the components, we used Agilent HP-5MS (length: 50 m; internal diameter: 0.2 mm; film thickness: 0.33 µm). Fig. 3 Comparison of sensitivity among SPME fibers Fig. 3 Comparison of sensitivity among SPME fibers Fig. 3 Comparison of sensitivity among SPME fibers Fig. 3 Comparison of sensitivity among SPME fibers Fig. 3 Comparison of sensitivity among SPME fibers Isobutanol Isoamylalcohol -Pinene 1-Octen-3-ol and discussion and discussion and discussion and discussion
We analyzed the air in an auditorium of the Railway Technical Research Institute (RTRI) as the first step to confirm the feasibility of analyzing volatile compounds in the air of places such as stations under the conditions determined in Section 2.2. Figures 4 and 5 show scenes of sampling in the hall of the auditorium and in front of an entrance to the hall, respectively. Likewise, Figs.6 and 7 show chromatograms of the air samples extracted.
As can be seen in Figs. 6 and 7, there are many clear peaks in the chromatograms, and many compounds can be identified from them. Furthermore, differences between the hall of the auditorium and the area in front of its entrance were sensed, and different positions (kinds of compounds) and heights (intensities of detection) for peaks in GCMS data were seen between places with different odors. For example, there were higher intensities of detection of toluene, α-pinene, sesquiterpene and calamenene in the hall of the auditorium than in front of the entrance, whereas the reverse results were seen with ethyl acetate. 1-Butanol and 2-ethyl-1-hexanol were detected only in the hall. Similarly, different data on volatile compounds were obtained from the analysis of different locations filled with different odors using this method. We also applied the technique to analyze volatile compounds released by fungi sampled in stations. As a result, it was confirmed that the fungi released many kinds of volatile compounds [12] , and that different kinds of fungi released different compounds.
With the SPME-GCMS method, it was not possible to obtain an appropriate volume of sampled air, and it was very difficult to make standard gas of the compounds targeted by the analysis. Although it was therefore difficult to ascertain their concentrations, the results showed that the method was suitable for the sampling and qualitative analysis of field air.
Furthermore, assuming the future expansion of this method, the following applications can be expected:
(1) Investigating the origins of odor-related compound generation through the comparison of data obtained by setting fibers at many points simultaneously, (2) Investigating how the intensity of detection for specific compounds changes during pursuit of changes over time from data obtained at the same point. Based on these applications, we plan to analyze air quality in railway environments such as stations and vehicles using the method as well as to investigate odorcausing compounds during pursuit of changes of intensity in their detection. In addition, we are assuming of We adopted SPME-GCMS as a method of analysis for volatile compounds presumed to cause airborne odors, investigated the related conditions, and confirmed the technique's applicability in the field. In terms of analytical conditions, we investigated different kinds of SPME fiber, exposure time in the field and the height of fiber placement, and determined the optimum conditions. Next, we analyzed air quality in an auditorium of the RTRI under fixed conditions to confirm practical application in the field.
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